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area due to its step-economicaladvantage.A novelstrategy for
enamidesynthesisfrom primaryamidesandpropargylaldehydesvia
Au(I)-catalyzed tandem amide addition and Meyer-Schuster
rearrangement is described.In situ generated hemiaminals were
successfuly convertedtothedesiredproductsundertheoptimized
conditions. Enamide stereochemistry was controled simply by
changing solvents and adding a catalytic amount of acid.The






















Scheme 1. Novel Synthetic Strategy for β-Substituted-α,β
















and Meyer-Schusterrearrangementisdescribed.In situ generated
hemiaminals were successfuly converted to the desired products





Enamides are very common organic compounds and
encompass numerous naturalproducts and drug candidates.1 In
addition,enamidesarehighlyvaluablesyntheticintermediatesforthe
synthesis of chiral amines,2 heterocycles,3 and cross-coupling
reagents.4Severalsyntheticmethodsforthepreparationofenamides
have already been developed, such as the dehydration of
hemiaminals,5 condensation of compounds containing carbonyl
functionalgroupswith amides,6 andacylation ofimines;7 however,
these conventionalmethods require harsh reaction conditions and
provide poor stereoselective control. Recently, diverse transition
metal-catalyzedreactionshavebeendevelopedutilizingRu,8,9Rh,8Fe,8
Pd,10 Au,11 and Cu,12 which provide significant advantages over
traditionalmethods.Nevertheless,thesereactionsarealsolimiteddue
† The majority of this work has been published: Kim, S. M.; Lee, D.; Hong, S. 
H. Org. Lett. 2014, 16, 6168-6171.
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synthesis of many β-functionalized compounds from diverse
substrates.Withinthelastdecade,manyAu(I)-andAu(II)-catalyzed




the propargylic position,such as propargylic hemiaminal,would
significantly extend the synthetic possibilities.To overcome the
limitation, we envisioned the use of in situ generation of
heteroatom-substituted propargylic alcohols from readily available
nucleophilesandpropargylaldehydes(Scheme1).Inthisregard,the
rearrangementofpropargylichemiaminalssynthesizedfrom primary
amides and propargylaldehydes would yield particularly valuable
enamides.Aucatalysisappearedtobemostpromisingtoachievethis
goal,given thatitcanactivatepropargylaldehydestoyieldmore
electrophilic species15 and also can mediate the Meyer-Schuster
rearrangementofpropargylicalcohols.
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Scheme 1. Novel Synthetic Strategy for








whiletheaddition ofAgOTfincreased theyield slightly to 40%
(entry3).WhiletheN-heterocycliccarbene(NHC)-basedAucatalyst
(IPr)AuCldidnotresultinameaningfulimprovementinyield(entry
4),Ph3PAuClshowed significantly greateractivity,producing the
enamide in 56% yield (entry5). This result suggested that
phosphine-basedAucomplexesmightprovidethebestresults;testing
ofseveralofthesecatalystsidentifiedMe4tBuXPhosAuCl(LAuCl)as







theyieldto89%,an observation thatisconsistentwith previous
results;14 becauseAgOTfgaveaslightly betteryieldthanAgOTs
underthe optimized conditions,itwas selected forfurtherstudy
(entries13and14).
8
entry catalyst additive solvent yield(%)b Z/Eb
1 AuCl3 - THF 19 5.6
2 AuCl - THF 29 5.4








- THF 56 4.7
6
BrettPhosAuCl
/AgOTf - THF 55 5.2
7 LAuCl/AgOTf - THF 69 4.9
8 LAuCl/AgOTs - THF 71 6.6
9 LAuCl/AgBF4 - THF 56 5.7
10 LAuNTf2 - THF 43 5.7
11 LAuCl/AgOTf - DCM 38 19





















amide proton and the carbonyloxygen of the ketone group;10e
unfortunately,lesspolarsolventscouldnotbetestedduetosolubility
issues.On the other hand,polar solvents,particularly DMSO,
disruptedthatintramolecularhydrogenbondbycompetingwiththe
substrate,favoringtheE-isomerasaresult.Changandco-workers
reported that some E-enamides could be obtained by
photoisomerization ofthecorresponding Z-enamideswith moderate
efficiencyandselectivitybyusing350nm UV light.10eInourcase,a
simple work-up involving catalytic addition of HCland careful
solventselectionproduceasimilar,moreselectiveresultwithoutany
lossoftheenamideproduct.
With theaboveresultsin hand,weinvestigated substrate
scope with one-pot procedure including Au-catalyzed enamide
synthesisandenamideisomerizationtoobtainZ-enamideselectively.
First,amide substrate scope with 2a was examined (Scheme 2).
Severalsubstituted benzamides afforded Z-enamides in reasonably
highyields,includingboththosethatcontainedelectron-donatingand
electron-withdrawing groups (3aa–3ia). Hydroxy and halide
substituentswerebothweltoleratedbythereaction(3ea,3ga-3ha),
whilealiphaticamidesgavegood yieldswhen two equivalentsof
aldehydewereused(3ja–3la).Whilecinnamamideandfuranamide












Next, aldehyde substrate scope was investigated with
benzamide (Scheme 3). As opposed to the amides, aliphatic
substitution gave higher yields than arylsubstitution,even for
























1.0 equiv H2O, 0.5 equiv EtOH













entry R R’ E/Zb
1 Ph p-MeOC6H4 3.4
2 Ph t-Bu 4.0
3 Ph Ph 6.2
4 Ph n-C5H11 8.6
5 Ph o-FC6H4 9.9
6 t-Bu n-C5H11 3.8
7 p-MeOC6H4 n-C5H11 7.0
8 n-C5H11 n-C5H11 11
9 m-CF3C6H4 n-C5H11 17
The developed isomerization method was then applied to
obtain E-enamides from the various Z-enamides (Table 3).As
expected,alchosenenamidesshowedgoodE-selectivityinDMSO.














that combines primary amides and propargyl aldehydes via
Au(I)-catalyzed tandem amide addition and Meyer-Schuster
rearrangement.Enamide stereoselectivity was controled simply by
changingsolventsandthroughtheadditionofacatalyticamountof
acid.Thedevelopedsyntheticstrategyprovidesanew approachby







































































received withoutfurtherpurification.Aldehydes(2c,1 2d,2 2f,3 and
2g4)werepreparedfolowingtheliteratureprocedures.NMR spectra
were recorded in CDCl3,THF-d8,MeOD,DMA-d9,DMF-d7 and
DMSO-d6,andresiduesolventsignalswereusedasreferences.Ultra
HighResolutionESIQ-TOF Massspectrometerwasperformedby
OrganicChemistry Research Center(OCRC)ofSogang University.
HRMS-FAB was performed by the National Center for











1.0 equiv H2O, 0.5 equiv EtOH
THF, 75 oC, 24 h
cat. HCl























N-((Z)-3-oxooct-1-enyl)benzamide (3aa):Pale yelow oil(53.8







4-methyl-N-((Z)-3-oxooct-1-enyl)benzamide (3ba): Yelow oil











































0.86(m,3H);13C NMR (75MHz,CDCl3)δ =204.5,167.6,137.6,
134.1,132.8,131.5,130.8,128.8,128.0,126.9,126.8,125.6,124.9,104.8,












2-bromo-N-((Z)-3-oxooct-1-enyl)benzamide (3ha): Orange oil




































N-((Z))-3-oxooct-1-enyl)pivalamide (3la):Yelow oil(38.8 mg,
0.172mmol,69%,Hex/EA =20:1.1);1H NMR(300MHz,CDCl3)δ =
11.84(d,9Hz,1H),7.42(dd,J=8.6,10.8Hz,1H),5.53(d,J=8.5
Hz,1H),2.44(t,J=7.5Hz,2H),1.67-1.55(m,2H),1.38-1.25
(m,13H),0.91-0.86(m,3H);13C NMR (75MHz,CDCl3)δ =
204.5,178.1,138.2,104.0,43.7,31.7,27.4,24.5,22.7,14.2;HRMS-ESI
(m/z)[M+Na]+calcdforC13H23NNaO2,248.1621;found:248.1621.
N-((Z)-3-oxooct-1-enyl)cinnamamide (3ma):Yelow solid (47.8












































































NMR (75MHz,CDCl3)δ = 192.4,191.8,165.5,142.9,141.6,139.1,
133.6,132.0,130.2,129.3,128.7,128.3,100.9.;HRMS-ESI (m/z)
[M+Na]+calcdforC17H13NNaO3,302.0788;found:302.0787.







checked withoutfurtherpurification.The ratio ofZ-enamide and




4-Cyclohexyl-2-butynal(2b):THF (10 mL)was added to an
Ar-filed Schlenk flask using micro-syringethen cooled to -78℃.




added.Themixturewaswarmed to room temperatureagain and
stirredfor1h.Afterthereaction,thecrudemixturewaspouredinto













3-(2-Fluorophenyl)prop-2-yn-1-ol (29.03 mg, 1.93 mmol was
oxidizedtogive3-(2-fluorophenyl)-2-propynal(2h)folowingthe
procedureasreported in theliterature.4 Yelow oil(96.7mg,0.65











CDCl3) δ = 191.4,176.7,137.8,134.0,130.0,125.6,92.8,90.4;




The procedure was same as depicted in the literature.6








































































































































































금 1가 매의 일련 작용으로 아마이드 첨가 반응,마이어-슈스터 
재배열 반응을 통해 엔아마이드를 일차 아마이드와 프로파질 알데하
이드로부터 합성하는 새로운 략을 개발하 다. 한 엔아마이드의 
스테 오화학은 반응 용매를 바꾸고 매 양의 산을 첨가할 때 간단
하게 조 되었다.새로이 개발된 략은 β-치환된-α,β-불포화 카보닐 
화합물을 보다 다양하게 합성할 수 있는 새로운 방법을 제시한다.
주요어 :금 매 반응,일련 작용,엔아마이드,스테 오화학
학  번 :2014-20308
